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INTRODUCTION
Gastric cancer (GC) is still the second leading cause of cancer-related mortality worldwide [1] . It is also the fifth most frequently diagnosed cancer and was responsible for over 1000000 new cases in 2018 and an estimated 783000 deaths globally [2] . GC has increasingly been recognized as a heterogeneous disease, each histologic subtype of GC differs in its biology, especially in its metabolic profiles [3] , so histology is very important in individualized evaluation of patients with GC. Among the various histologic types of GC, signet ring cell carcinoma (SRC) is a unique subtype with distinct tumor biology and clinical features, so it should be analyzed separately [4] . By contrast, adenosquamous carcinoma (ASC) in GC is relatively rare. ASC accounts for only 0.2%-0.4% of all gastric carcinomas [5] . According to the World Health Organization international histological classification of tumors, SRC is defined as a tumor with only intracellular mucin pools [6] . Comparatively, the diagnosis of ASC requires coexistence of both adenocarcinoma and squamous cell carcinoma in the primary tumor, and squamous component should exceed 25% of the primary tumor [7] .
Previous studies revealed that primary gastric ASC exhibited early tumor progression and a worse prognosis than some typical gastric carcinomas [8] . There have been two major proposed mechanisms to explain the poor prognosis of ASC in GC. First, this rare subtype may have more extensive tumor depth and higher frequencies of lymphatic and vascular permeations of the carcinoma cells [9] . Second, adenocarcinoma predominate histology may be associated with a higher risk of metastatic disease compared to squamous carcinoma predominate histology [10] . Due to the rare incidence, most of the literature about gastric ASC is described in case reports. The study on gastric ASC with large series is still lacking. The prognosis of ASC vs SRC has not been well established to date. Actually, a variety of issues about gastric ASC are still unresolved.
In this study, we utilized the Surveillance, Epidemiology, and End Results (SEER) database to extract a large cohort of patients to investigate the survival differences between ASC and SRC. Cancer-specific survival (CSS) and overall survival (OS) were comprehensively compared between the two groups of patients. We sought to clarify the clinicopathological characteristics and prognosis of gastric ASC vs SRC based on a large population analysis. Our study may intensify the current knowledge about these tumors and provide additional guidance for their management.
MATERIALS AND METHODS

Patient selection
All the data in this study were extracted from SEER 18 registries Custom Data (with additional treatment fields). The SEER database comprises 18 cancer registries and covers approximately 30% of the United States population. The patients were selected using SEER Stat version 8.3.5 software directly. The patient information in SEER database is completely de-identified and publicly available, so this study was exempt from ethical approval from human study subcommittee. We initiated the following inclusion criteria to select eligible patients: (1) All patients were diagnosed from 2004 to 2015; (2) Primary site was the stomach; (3) Behavior recode for analysis was malignant; (4) Primary gastric cancer was the first or only cancer diagnosis; (5) Histological types were confined only to SRC (ICD-03, 8490/3) and ASC (ICD-03, 8560/3); and (6) The follow-up data were complete. The diagnosis was not gained from any death certificate or autopsy. Those patients with unknown information about table variables were excluded.
Data collection
The following variables were extracted for each patient: Age at diagnosis, gender, race, marital status, tumor size, tumor-node-metastasis (TNM) stage, tumor depth, LN metastasis, distant metastasis, radiation, surgery, histological type, survival months, CSS, and OS. CSS was defined as the time from the date of diagnosis to the date of death caused by gastric cancer. OS was defined as the duration from diagnosis to death from any cause. In our study, CSS was the primary endpoint, and OS was the secondary endpoint.
Statistical analysis
The patients were divided into patients with gastric SRC vs those with ASC. Given that the two cohorts dichotomized above were not randomized, unbalanced variables might engender selection bias, so we utilized a 1:4 propensity-score matching (PSM) method to control the non-random assignment of patients. A logistic regression model that predicts the likelihood of being assigned to ASC was constructed and set as the propensity score. The propensity scores were calculated according to unbalanced covariates. The PSM adopted nearest-neighbor matching algorithm. The caliper width was 0.01. No replacement was allowed, and all patients were matched only once. The baseline characteristics were compared in both matched and unmatched cohorts by chi-square tests. The survival curves of each histologic group were compared by Kaplan-Meier plots with log-rank test. Univariable and multivariable Cox proportional hazard regression models were used to identify prognostic factors in the post-matching cohort. Variables with P < 0.05 in univariate analysis were further adjusted through multivariate analysis. PSM was conducted with R version 3.5.3. Statistical analyses were completed with SPSS statistical software, version 25.0 (SPSS, Chicago, IL, United States). A two-tailed P value < 0.05 was considered statistically significant.
RESULTS
Patient characteristics before PSM
Preliminarily, 10646 patients with gastric ASC or SRC were collected, but 4583 cases were excluded because of any missing data or unknown of table variables. Finally, a total of 6063 eligible patients were included in this study. Among the unmatched cohort, 5968 (98.4%) patients had SRC and 95 (1.6%) patients had ASC. The distributions of age, gender, race, marital status, LN metastasis, and radiation were significantly different between the two groups (P < 0.05). Compared with those SRC patients, the ASC patients were more likely to have age > 60 years old (66.3% vs 52.7%), be male (74.7% vs 52.7%) while less female (25.3% vs 47.3%), had a relatively higher proportion of white population (77.9% vs 69.5%), and be married (77.9% vs 61.7%). As for LN metastasis, the ASC patients showed more N1 (48.4% vs 34.9%) and N2 (16.8% vs 15.5%). With respect to radiation, more ASC patients received radiotherapy (35.8% vs 23.7%). No differences were observed in terms of tumor size, TNM stage, tumor depth, distant metastasis, or surgery (P > 0.05). The patients' characteristics before PSM are summarized in Table 1 . 
Patient characteristics after PSM
A 1:4 PSM was initiated. The logit of propensity score for histological type was derived from other covariates. Totally 465 patients were matched, including 95 ASC patients and 370 SRC patients. After the PSM, all covariates were well balanced with no significant differences between the two groups (P > 0.05). The patients' characteristics categorized by histology after PSM are displayed in Table 2 . 
Comparison of the prognosis between gastric SRC and ASC before PSM
As for the 6063 patients finally enrolled, 4560 patients were dead at the end of the last follow-up. Moreover, 4160 patients were dead from gastric cancer specifically. The prognosis of gastric SRC vs ASC before PSM was compared. The Kaplan-Meier plots showed that the prognosis of SRC was comparable to that of ASC in both CSS and OS curves (Figure 1 , P > 0.05). The median CSS of the SRC group was 16.0 (15.2-16.8) mo, while that of the ASC group was 13.0 (9.7-16.3) mo (P = 0.101; Table 3 ). Similarly, the median OS of the SRC group was not significantly different from that of the ASC group (P = 0.084; Table 3 ). Hence, the results indicated the prognosis was not statistically different between gastric SRC and ASC before PSM.
Comparison of the prognosis in matched groups
We initiated a 1:4 (ASC:SRC) matched case-control analysis by PSM, in order to adjust the baseline characteristic differences between the two groups. The PSM analysis resulted in a balanced cohort including the ASC group (n = 95) and the SRC group (n = 370). As for the cohort after PSM, statistically significant differences appeared in both CSS and OS, dejecting the ASC group compared with the SRC group (P < 0.05 for both endpoints; Figure 2 ). Furthermore, the median CSS was 13.0 (9.7-16.3) mo in ASC vs 20.0 (15.7-24.3) mo in SRC group (P = 0.027; Table 3 ). In parallel, the median OS of the ASC group was also inferior to that of the SRC group (Table 3 , P = 0.017). The survival curves of CSS and OS after PSM are exhibited in Figure 2 . Obviously, the ASC patients had an inferior prognosis to SRC patients in matched groups.
Identify predictors of survival
The Cox proportional hazard models were constructed to evaluate the impact of clinicopathological factors on CSS of the post-matching cohort ( Table 4 ). In univariate analysis, the variables significantly associated with CSS were histological type, marital status, tumor size, TNM stage, tumor depth, distant metastasis, radiation, and surgery (P < 0.05). ASC was found to be a risk factor for poor prognosis [hazard ratio (HR) = 1.343, 95%CI = 1.029-1.752, P < 0.05]. All the significant variables mentioned above were subsequently included to the multivariate Cox regression analysis. Multivariable analysis confirmed some of the prognostic factors identified in univariate analysis. After adjusting for other confounding predictors, histological type and TNM stage were proved to be independent risk factors for poor survival (HR > 1, P < 0.05), while radiotherapy and surgery were independent protective factors for favorable prognosis (HR < 1, P < 0.05). Anyway, ASC was still associated with an inferior prognosis to SRC (HR = 1.316, 95%CI = 1.004-1.726, P < 0.05). The detailed results are available in Table 4 .
Subgroup survival analysis
Given that TNM stage is also independently associated with the patients' survival after PSM, we performed a subgroup analysis to highlight the impact of histological type on the prognosis of patients. The Kaplan-Meier plots revealed that the CSS of gastric ASC was worse than that of gastric SRC in both stages I (P < 0.001) and II (P < 0.05) patients. However, no significant survival difference was found for ASC vs SRC in either stage III or IV (P > 0.05). Thus, the prognosis of ASC was inferior to SRC only in stages I and II patients. The survival curves of CSS stratified by TNM stage are illustrated in Figure 3 .
DISCUSSION
Primary gastric ASC is an extremely rare subtype [11] . The clinicopathological characteristics and prognosis of gastric ASC are still poorly understood. Based on a large cohort from the SEER database, we utilized PSM analysis to evaluate the prognosis of ASC vs SRC for patients with gastric cancer. Moreover, we also used Cox proportional hazard regression models to identify prognostic factors for the postmatching population. The overall results suggest that ASC had an inferior survival to SRC in patients with gastric cancer. ASC and higher TNM stages were independently associated with a poor prognosis. The clinicopathological features and prognosis of gastric ASC have been reviewed by several previous studies. Based on the National Cancer Database analysis, a recent original research has reported the clinical features and outcomes of gastric squamous cell carcinoma (SCC) and ASC. They collected 61215 patients with primary gastric cancer. ASC only accounted for 0.5%. The median OS was 9.9 mo in ASC vs 13.2 mo in adenocarcinoma. On multivariate analysis, ASC histology was still associated with a worse survival compared to adenocarcinoma [12] . Furthermore, another study reported the clinical features and outcomes of 167 gastric ASC cases. Only 109 cases with R0 resection were recruited in survival analysis. Their results revealed that the median OS time was 17 mo for patients with gastric ASC receiving R0 resection. They also found that the prognosis of gastric ASC was significantly poorer than that of gastric adenocarcinoma [13] . Quan et al [14] also reported that the median OS of gastric ASC was 12 mo, and 87.5% of the patients survived for less than 24 mo after diagnosis. In our present study, we compared the survival outcomes of gastric ASC with SRC. As for our matched cohort, the median OS was 12.0 (9.5-14.5) mo in ASC vs 19.0 (14.9-23.1) mo in SRC group. In parallel, the median CSS of ASC was also significantly worse than that of SRC. Consistently, the prognosis of ASC was inferior to that of SRC after PSM analysis.
When it comes to the prognostic factors for gastric ASC, we found that the histological type ASC and higher TNM stage were independent risk factors for poor survival (HR > 1, P < 0.05), while radiotherapy (HR = 0.587; 95%CI: 0.444-0.776, P < 0.001) and surgery were independent protective factors for favorable prognosis (HR < 1, P < 0.05). So far, surgery remains the optimal treatment for gastric cancer without distant metastasis [15] . So the survival advantage of gastrectomy has been further confirmed by our study. Additionally, radiotherapy has been reported to be an effective adjuvant treatment for improving the OS in patients with gastric cancer after resection [16] . Considering that squamous cell carcinoma is generally sensitive to radiation therapy, the squamous component of gastric ASC may specifically benefit from radiotherapy [17] . Therefore, our study has provided evidence to support radiotherapy for patients with gastric ASC.
In addition to histological type, other confounders such as tumor TNM stage may also account for the potentially important survival differences. In order to further adjust the confounding factors, we performed subgroup survival analysis by TNM stage. Our results revealed that the CSS of gastric ASC was significantly worse than that of SRC in stages I and II patients, whereas no significant survival difference was found for stages III and IV patients. A recent study revealed that half of gastric ASC cases were diagnosed at advanced stages, and most patients had lymph node metastasis [18] . These results suggest that gastric ASC has an aggressive clinical course compared with conventional gastric cancer. The prognosis of stages I and II ASC patients should be concerned.
In terms of the prognosis for patients with gastric SRC, a recent review has indicated that early SRC had a better clinical outcome, but advanced SRC was generally considered to have a worse prognosis. Therapeutic strategies are still controversial for these patients [19] . Consistently, our study also revealed that stages I and II SRC patients had better survival curves than ASC patients. Their median CSS was 20.0 (15.7-24.3) mo, and median OS was 19.0 (14.9-23.1) mo. Our Cox proportional hazard regression models identified radiotherapy and surgery as independent protective factors for improving their prognosis (HR < 1, P < 0.05). Hence, our results may improve the therapeutic recommendations for these patients.
There are several limitations in our study. First, the retrospective nature of the current study could not exclude the possibility of selection bias. Although we could balance known covariates by PSM analysis, there may be unmeasured confounders not addressed in propensity matching. Hence, the results of our study should be interpreted cautiously. Second, the constituent ratio of adenocarcinoma and SCC components varied among different primary tumors. The prognostic value of constituent ratio on the survival of gastric ASC could not be evaluated. Third, there were limited data about cancer recurrence and subsequent involved sites in SEER database, so the patterns of recurrence and corresponding impact on the prognosis of patients remain unclear. In spite of the limitations stated above, SEER registry data usually have high completeness and are representative of the real-world patient population. Thus, the results of our study are still considerably convincing.
The major strength of our study is that we used both PSM method and multivariate Cox regression analysis to adjust the potential bias caused by the imbalanced distribution of confounding factors. This doubly robust estimation combines two approaches to evaluate the causal effect of exposures on outcomes, which will encourage researchers to more fully interpret their findings on both scales [20] . In summary, gastric ASC differs significantly from gastric SRC in terms of clinicopathological characteristics. ASC may have an inferior prognosis to SRC in patients with stages I and II gastric cancer, so greater attention should be paid to these patients. Histological type ASC and higher TNM stage are associated a poor survival, but radiotherapy and surgery are independent protective factors for improving their prognosis. Our study supports radiotherapy and surgery for the future management of this clinically rare entity. 
ARTICLE HIGHLIGHTS
Research background
Adenosquamous carcinoma (ASC) is a rare entity in gastric cancer, which exhibits early tumor progression and a poorer prognosis than other typical gastric adenocarcinoma. Gastric signet ring cell carcinoma (SRC) is a unique subtype with distinct tumor biology and clinical features. We hypothesized that further knowledge about these distinct cancers would improve the clinical management of such patients.
Research motivation
Given the relative rarity of these two subtypes in gastric cancer, the study on gastric ASC with large series is still lacking. The clinicopathological characteristics and prognosis of ASC vs SRC has not been well established to date. The current study adopted a large cohort of such patients from the Surveillance, Epidemiology, and End Results (SEER) database. Study on the clinicopathological features, treatment, and prognosis of such patients may bring deeper knowledge on these tumors and provide additional assistance for their treatment.
